Ten West European States, as reported in Europhysics News of March 1971, have agreed on a major extension to the experimental facili ties of CERN -the European Organi zation for Nuclear Research -whose existing laboratory straddles the Franco-Swiss border, west of Geneva. At a time when the growth of many national scientific budgets is being braked and some are actually re duced, it is useful to consider the nature of this extension and the operational framework of the Organi zation to whom it has been entrusted. The new agreement must be inter preted as a vote of confidence not only in the value of the physics that is being done at CERN but also in the principle and operation of inter national collaboration at it is practised there.
The Accelerators at CERN I
Two proton accelerators were envisaged in the original Convention signed in 1953 : a synchro-cyclotron of 600 MeV and a proton synchro-E. N. Shaw tron of "more than 10 GeV". This machine which from the beginning worked so well, has been the subject of continuous improvement ever since.
The proton synchrotron (PS) that was built has a maximum energy potential of 28 GeV and operates mostly at about 24 GeV, its optimum level for meson production at which energy it can be cycled at once every 2.4 s with a 500 ms flat top and beam intensities of 2 X 101 2 protons per pulse. Because of the large number of potential clients for the machine, much emphasis has been placed on beam sharing and on developing beam extraction techniques.
Distributed round the circumference of the machine are three internal target stations, three points from where bunches can be fast ejected, and one point where the beam can be peeled off over a period of several 100 ms. From these various points radiate the beam lines of protons or secondary particles and at any one time there may be as many as a dozen separate simultaneous users.
A 2 m hydrogen bubble chamber is currently in regular operation capable of making three separate expansions during one acceleration cycle of the synchrotron. A 3.7 m hydrogen cham ber (BEBC) with a 3.5 T super conducting magnet is being built under a tripartite arrangement with two Member States (France and Federal Republic of Germany).
A special beam line for neutrino physics has also come into operation recently, the detector being a 4 m heavy liquid bubble chamber called Gargamelle built by the CEA of France. As with the 3.7 m H2 chamber, these instruments form a normal part of the equipment of CERN with equal access by all Member States.
Usually electronic detectors and associated equipment are in part built by the research teams in their own laboratories and erected at CERN for a limited period. There is, however, now under construction a big, versa tile, spark chamber assembly (Omega) in a large-volume superconducting magnet which will provide a common research facility of great flexibility. Both Omega and BEBC are scheduled to be operational in 1972 when the synchrotron booster should also be ready. This injector synchrotron to be inserted between the present 50 MeV linear accelerator injector and the PS will raise the injection energy to 800 MeV. When this novel four-ring high, 50 m diameter, slow cycling synchro tron comes into operation, beam intensities of 101 3 protons per second will be obtainable at near the top energies.
Over the past 14 years the synchro cyclotron has supported a full pro gramme of research and has under gone progressive improvement. An underground laboratory was added in 1968 to house the ISOLDE (isotope on-line) project, a most successful laboratory for the analysis of short life radio isotopes of particular in terest to the Scandinavian members. During 1972 major engineering chan ges to the accelerator will increase the internal beam current from its present 1.5 μΑ to 10μΑ and provide an extracted beam intensity of 101 3 as against 5X101 1 proton/s.
Intersecting Storage Rings at CERN I
At the end of 1965, authorization was given for Intersecting Storage Rings (ISR) to be built which would be filled by the existing proton syn chrotron. Early on, the importance of data processing and computer techniques was recognized and long-term plan ning maintained the facilities in tune with demand. Until recently, the demand was doubling every year ; now it is doubling every two years.
One of the very first CDC 6600 computers was delivered to CERN, which with a CDC 6500 and two smaller computers form the basis of the central complex. They will soon be superseded by a system based on a CDC 7600. There are on site alto gether, including those brought by visiting experimental groups, some 70 computers, many working on-line with experiments or with bubble chamber film measuring equipment.
Experimental Staff
CERN has set out to be not simply a centre of experimental expertise, equipped with the best apparatus available, but a service centre and meeting point for the 100 and more universities and research centres within its Member States where high energy physics is studied. In general, experiments are carried out by mixed teams of scientists, the majority of whom will be from outside CERN and not staff members. Current estimates place the number of experimental physicists in Europe who are totally dependent upon the CERN I acceler ators at about 1200. Of these, less than 50 can be called permanent staff members of CERN whilst approxi mately 100 will be on the staff with medium-term contracts at any given time and a further 200 will be at CERN as fellows and visitors paid by the Organization. In addition to these, the average number of scientists working at CERN but not on its payroll will be in the region of 450. This last figure does not include the many scientists from all over the world who visit CERN for a period of a few days only, nor the over 100 students who spend their summer vacation at CERN. The regular staff of CERN amounts to some 3000 people.
CERN II
The project for CERN II includes the construction of a new accelerator, the Super-Proton-Synchrotron, its operation over a certain period, the provision of beam lines to serve the CERN I experimental facilities and the preparation of new experimental zones on the site of CERN II. The participating States are committed to the whole of the programme, viz. eight years or until the CERN Council decides the programme has been completed, whichever is the sooner.
The accelerator is planned to give maximum flexibility during the pro gramme and in the years to follow, so as to take advantage of technological innovations and to optimize the output for the money available. A determining feature is the major diameter of the synchrotron ring, set at 2.2 km, and its position relative to the existing CERN synchrotron which is to act as injector to the new machine.
The design has been evolved by over 100 accelerator specialists work ing in the major accelerator labo ratories in the Member States and many novel features are incorporated. It is based on the missing magnet con cept which allows the number of magnets to be fitted to the energy required. In the first place iron-cored bending magnets to fill half the ring and sufficient for 200 GeV will be ordered, while the focusing magnets will have an initial capability of 500 GeV. In 1973 the decision will be taken whether to add sufficient magnets to achieve 300 GeV, or fill the ring to get 400 GeV or again to start operation at 200 GeV in the fifth year of the programme and then install superconducting magnets in the empty spaces. These magnets giving a field of 5 T would allow beams of 500 GeV protons to be pro duced -an energy which could be doubled if the existing iron-cored magnets were replaced by super conducting ones. The number of additional staff required for the pro gramme is about 800.
Success Factors
The factors which have contributed to the development of CERN are manifold. The absence of any military or immediate commercial aims is certainly a great simplification but there are many positive elementsscientific, governmental and insti tutional. To start with, the basic aims of the Organization were clearly established and the means quite closely defined.
Scientific Consensus
Physicists should take the credit for having arrived at such a clear consensus of opinion as to the direction which research should take, the priorities to be adopted and the means to be used. There is not unanimity throughout the field, of course, the consensus is a dynamic one, and the existence of CERN which in turn led to the formation of the European Committee for Future Ac celerators, has ensured that there is always a platform for consultation.
It must be emphasized that CERN neither dictates the programme of research nor does it seek to con centrate the research within its own organization ; rather it provides a research facility for the physicists in its Member States, who can also participate actively in the forward planning of the programme of the central Organization.
Government Trust
At the government level, a great sense of internationalism is necessary as the scientific arguments must be taken on trust. Indeed, when in the early 1950's CERN was first mooted, and then in 1953 the CERN Con vention was signed, this was a major act of faith by governments, particu larly, as they were consenting to the construction of a type of accelerator -a strong-focusing synchrotron never before built.
Since then, a deep and harmonious relation has developed between the CERN administration and the dele gates of the Member States at both the personal and official level. CERN is fortunate in having had many national delegates representing from the beginning, their country on its Council, and the resulting trust bet ween management and delegations is of the greatest value.
Scientific and political decisions can, however, only be implemented through institutions, and many aspects of CERN have contributed to its smooth evolution and ability to move with the times and adapt itself to changing circumstances.
Institutional Factors
The Convention establishing the European Organization for Nuclear Research which superseded the Con seil Européen pour la Recherche Nu cléaire was very much a permissive Convention rather than one which sought to restrict the activities of the Organization. It allowed a dynamic modus vivendi to evolve in which practices are able to grow rather than follow pre-set rules.
The supreme body of CERN is the Council composed of two members per Member State, all of which are equal as to voting rights. No country holds the right of veto except for a fundamental change in long-term commitments such as the admission of a new member or a change in the definition of a basic programme. No particular country more than any other has this right. Traditionally, Council members comprise one scientist and one government administrator, which ensures a partnership between the scientific and administrative elements in the Member States with CERN that is of the highest importance. Whilst the Convention lays down the majori ties for the approval of decisions, it is rare for CERN to take a decision that does not finally have the backing of all, or nearly all its Members.
Responsible to the Council are the Directors-General of the two labora tories and no-one else. Their freedom of action is unusually wide and their sense of responsibility to both CERN as an organization and the Member States as individual countries is correspondingly high. They are per sonally totally accountable for every thing that happens in their own labo ratory, and the Member States make no attempt to interfere in the day-today running of the centres.
CERN has the right to invite visiting scientists from non-member states to work at the Laboratories and between 50 and 100 may be found at CERN I at any one time. The majority of the people working at the Laboratories are naturally drawn from the Member States but it should be noted that there is no formal allocation of posts according, for example, to Members' contributions. There has similarly been no regional allocation of equip ment contracts, the principle being to buy the best at the lowest price.
Members' contributions are calcu lated every three years on the basis of their net national revenues. The budgets are voted for a rolling period of four years, that for the next year being precise, for the year following, a firm undertaking and for the two subsequent years, firm guidelines.
The Council is assisted by a Scien tific Policy Committee and a Finance Committee, but whereas the latter is composed of State representatives whose task is to survey the expendi ture of CERN, the Scientific Policy Committee which plans the broad lines of scientific development con sists of leading European scientists chosen in their own right and not on account of their country of origin.
Experimental Procedure
Physicists wishing to undertake an experiment on one of the acceler ators, must first propose this to a completely independent committee chaired by a person outside CERN. The proposal will be studied as to its scientific value, its technical feasibility and the competence of the proposer to carry it out. In the main, successful proposals are the result of joint efforts and the majority of the experiments involve scientists from more than one external research centre (and country for that matter) with people on the medium term staff list of CERN.
Once an experiment has been agreed, the experimental team is responsible to see that what is done is good physics, and most of the members of these teams, let it be remembered, are not CERN staff.
Member governments do not seek to control the experimental pro cedures, nor do they try to obtain special rights on the equipment. There is no question of a given State exacting so many hours of beam time on the PS or demanding a certain percentage of the bubble chamber pictures taken, because its contri bution to the budget is a given figure.
Co-operation with Non-Member States
From the beginning the clauses in the Convention concerned with col laboration have been interpreted in a wide sense and close relations have been built up with high energy physics laboratories outside the Member States. At first, thanks to ease of communications, this was principally with the United States but progressive ly closer relations have been es tablished with first the Joint Nuclear Research Centre at Dubna and now with Serpukhov. A formal agreement of July 1967 with the USSR provides for a joint scientific and technical programme using the 76 GeV proton synchrotron at the USSR Institute of Physics at Serpukhov.
Under the terms of this agreement, CERN provides equipment for the extraction and separation of proton beams from the accelerator (to be delivered this summer) and in return is able to propose joint experiments on the accelerator. One of the first major experiments at Serpukhov was carried out by a joint Soviet-CERN team and considerable enthusiasm has been expressed by both com munities, for the success of this enter prise, for the scientific interest of the results as well as the harmonious personal relations that developed. The second experiment which has now been operating for over six months involved the shipment to Serpukhov of some 200 tons of equipment.
In addition to arrangements with the Soviet Union there has been close collaboration with laboratories in Poland which, with Turkey and Yugoslavia, has the distinction of being an Observer State of CERN. This status of observer has more symbolic than contractual signifi cance, as all the work conducted at CERN is published. Observer coun tries do, however, have the right to attend Council sessions, if not to vote, and the position assures a certain intimacy and special relationship.
CERN does not have close relations with developing countries as its con tacts are dependent upon the ex istence of advanced high energy physics facilities in a given country. 
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Conclusion
In such a summary of the way in which CERN contributes to European physics, only some of the salient aspects can be indicated. It should none the less be clear that CERNso often quoted as the best example of European collaboration -is an organization that depends upon a strong consensus of the physics com munity coupled to the dedicated support of the governments of its Member States and their delegates.
In the early days there was a natural fear that the creation of a strong centre for research would deprive universities and national research centres of their best people ; the end result would be an impoverishment of the Member States rather than their enrichment. The reverse has proved to be the case, and the current policy of CERN is strongly directed towards ensuring a throughput of people and avoiding a sink. Physicists and ad ministrators recognize that, with limit ed overall budgets, an international laboratory while absorbing funds which might be available for spending at national centres, is the most ef ficient way of maintaining university and national research centres at the highest level in this area where large expensive machines are necessary. A Royal Charter has been granted to the Institute of Physics and the Physical Society, which will now have the title of The Institute of Physics.
